Introduction
============

Immune cells exist in many types of tissues to protect host cells from inflammatory factors ([@b1-ol-0-0-9145],[@b2-ol-0-0-9145]). It is now clear that the infiltration of various inflammatory factors and disease progression may cause cancer. For example, chronic inflammation caused by *Helicobacter pylori* and hepatitis virus and other microbial infections may induce the occurrence of gastric and liver cancer ([@b3-ol-0-0-9145],[@b4-ol-0-0-9145]). In addition, non-infectious chronic inflammation is also closely correlated with the development of tumors ([@b5-ol-0-0-9145]). Inflammation is caused by the secretion of a variety of cytokines by innate immune cells, and the infiltration of cytokines is associated with poor prognosis of cancer patients ([@b6-ol-0-0-9145]). Some studies suggest that these inflammatory factors may be directly involved in tumor development and metastasis by inducing angiogenesis and tissue remodeling ([@b7-ol-0-0-9145]).

As a member of the proinflammatory cytokine family receptor, interleukin-23 receptor (IL-23R) is formed by p19 and p40 subunits. IL-23 can induce the production of Th1 cells and then initiate Th17 cell cascade to produce IL-6 and TGF-β1 and activate memory T cells ([@b8-ol-0-0-9145]). IL-23R is highly expressed in tumor tissue to induce local inflammation and promote the development of tumors ([@b9-ol-0-0-9145]). IL-17 plays a key role in inflammation and autoimmune diseases, including inflammatory bowel disease, multiple sclerosis and rheumatoid arthritis ([@b10-ol-0-0-9145]). Contradictory findings also exist and some studies found that IL-17 supported tumor growth ([@b11-ol-0-0-9145]). In contrast, other studies have shown that IL-17 can promote T cell-mediated tumor rejection ([@b12-ol-0-0-9145]). Study found that IL-23 could induce IL-17 production by CD4 T cells ([@b13-ol-0-0-9145]). In addition, blocking the IL-23/IL-17 axis significantly inhibited the development of inflammatory bowel disease in animal models. These studies suggest that IL-23/IL-17 axis may be a new therapeutic target for the treatment of chronic inflammatory diseases ([@b14-ol-0-0-9145]).

Although the roles of IL-23R and IL-17 have been extensively studied in autoimmunity, studies on their roles in cancer, especially urinary bladder carcinoma (UBC), are still relatively insufficient. In this study, levels of IL-23R and IL-17 in tumor tissue of patients with UBC and the effects on the prognosis of patients were investigated. Our study provided theoretical basis for clinical diagnosis and treatment of UBC.

Patients and methods
====================

### Clinical data

In the present study, 30 patients with UBC were included. The patients included 14 females and 16 males, with an average age of 58.3 years. All specimens were diagnosed by pathological examinations. According to the classification criteria established by the World Health Organization (1973), clinical stage of each tumor was determined using histological grading, and there were 5 patients (16.7%) in grade I, 9 in grade II (30%), and 16 in grade III (53.3%). Based on radiographic and pathologic findings, TNM staging was performed using the criteria established by American Joint Committee on Cancer (AJCC). Tumor tissues and adjacent healthy tissues were collected during surgical resection. IL-23R and IL-17 mRNA expression level in tumor tissue of 30 UBC patients were detected by RT-PCR. According to the median expression levels of IL-23R and IL-17 mRNA, patients were divided into IL-23R and IL-17 high expression and low expression groups, respectively. Follow-up study was performed for \~30 months (median length of 23 months) by phone or during patients\' visit to out-patient department. After surgery, disease progression was observed in 10 patients, therefore, transurethral surgery was done, and intravesical instillation was performed for 8 weeks. Systemic chemotherapy was performed using methotrexate, cisplatin, doxorubicin and vinblastine. This study was approved by the Ethics Committee of Zhengzhou Central Hospital Affiliated to Zhengzhou University (Zhengzhou, China) and all participants in the study signed an informed consent.

### RT-qPCR

Total RNA was extracted using RNA extraction kit (Qiagen China Co., Ltd., Shanghai, China) according to the manufacturer\'s instructions, and 1 µg of total RNA was reversely transcribed into cDNA. RT-qPCR was performed using the SYBR^®^ Premix Ex Taq™ II kit (Takara Biotechnology Co., Ltd., Dalian, China). PCR conditions: 95°C for 1 min, followed by 40 cycles of 95°C for 10 sec and 55°C for 40 sec. Ct values were processed using 2^−ΔCt^ method ([@b15-ol-0-0-9145]). With GAPDH as endogenous control, relative expression level of each gene was calculated using the following formula: 2^−ΔCt^ \[ΔCt = Cq (target gene) - Cq (GAPDH)\]. Primer sequences are as follows: 5′-CTATGCGGTACTCATATCGCAG-3′ (forward) and 5′-GGTTGTATCAATGAATTCC-3′ (reverse) for IL-17; 5′-CTTTGAGGAGTTCATATTGTA-3′ (forward) and 5′-AAATTAGCCAGATTGTGGTCT-3′ (reverse) for IL-23R; 5′-ATTGATGGATGCTAFGAGTATT-3′ (forward) and 5′-AGTCTTCTGGGTGGCAGTGAT-3′ (reverse) for GAPDH. This experiment was repeated three times.

### ELISA to measure serum levels of IL-23R and IL-17

Whole blood (25 ml) was collected from UBC patients and healthy subjects before operation, and the blood was centrifuged at 1,000 × g for 1 h at room temperature to collect serum. Standard sample was diluted with a ratio of 1:50 to draw standard curve. ELISA kit was provided by R&D Systems, Inc., (Minneapolis, MN, USA). Protein levels of IL-17 (no. P5326; New York, USA) and IL-23R (no. P43432) in serum samples were measured according to the instructions. This experiment was repeated three times to obtain the average value.

### Statistical analysis

Results were analyzed using GraphPad Prism software (version 5.01; GraphPad Software, Inc., San Diego, Chile). The data are presented as mean ± standard deviation. Differences between the two groups were compared using independent sample t-test. Chi-square test was used to analyze the relationship between IL-23R and IL-17 protein levels and clinical parameters of UBC patients. Kaplan-Meier method was used to plot the patient\'s survival curve and survival curves were compared using log-rank test. The relationship between the expression of IL-23R, IL-17 and the clinical index of UBC was analyzed by COX risk ratio model. Roc curve was used for detecting the diagnostic efficiency of IL-23, IL-17 and combined detection. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Expression levels of IL-23R and IL-17 detected by RT-PCR

Expression levels of IL-23R and IL-17 mRNAs in tumor tissues and adjacent tissues of 30 UBC patients were detected by RT-PCR. Results showed that IL-23R and IL-17 mRNA levels in tumor tissues were 3.26 and 2.65 times higher than those in adjacent tissues ([Fig. 1](#f1-ol-0-0-9145){ref-type="fig"}), respectively (P\<0.05).

### Serum levels of IL-23R and IL-17 detected by ELISA

To further explore the role of IL-23R and IL-17 in UBC, we recruited 30 healthy volunteers as controls. Serum levels of IL-23R and IL-17 protein in patients were detected by ELISA. Levels of IL-23R and IL-17 in serum of UBC patients were significantly higher than those in control group ([Fig. 2](#f2-ol-0-0-9145){ref-type="fig"}; P\<0.05).

### Relationship between IL-23R and IL-17 expression and clinicopathological features

Chi-square test was used to analyze the relationship between IL-23R and IL-17 protein levels and clinical parameters of UBC patients. As shown in [Table I](#tI-ol-0-0-9145){ref-type="table"}, expression levels of IL-23R and IL-17 were not associated with sex, age, tumor size and pathological grade (P\>0.05), but was significantly associated with clinical stage and lymph node metastasis (P\<0.05).

### Cox hazard model analysis

Relationship between IL-23R and IL-17 expression and clinical parameters of UBC patients was analyzed using Cox hazard model analysis. As shown in [Table II](#tII-ol-0-0-9145){ref-type="table"}, sex, age, tumor size and pathological grade were not independent prognostic risk factors for UBC (P\>0.05), so they have no significantly clinical correction with the prognosis of UBC. While clinical stage, lymph node metastasis, the levels of IL-23R and IL-17 were independent prognostic risk factor for UBC (P\<0.05), which were closely related to poor prognosis of patients with UBC.

### Correlation between IL-23R and IL-17 protein expression and prognosis of UBC patients

Kaplan-Meier method was used to investigate the correlations between expression of IL-23R and IL-17 and the overall survival (OS) time and disease-free survival (DFS). The data were analyzed using log-rank test. As shown in [Fig. 3](#f3-ol-0-0-9145){ref-type="fig"}, OS and DFS is significantly shorter in IL-23R and IL-17 high expression group than those in low expression group (P\<0.05). Median OS was 20.31 months in IL-17 low expression group, and 18.40 months in IL-17 high expression group (log-rank test, P=0.037). Median OS was 21.60 months in IL-23R low expression group, and 17.72 months in IL-23R high expression group (log-rank test, P=0.037). Median DFS was 16.26 months in IL-17 low expression group, and 14.07 months in IL-17 high expression group (log-rank test, P=0.009). Median DFS was 17.91 months in IL-23R low expression group, and 13.15 months in IL-23R high expression group (log-rank test, P=0.026).

### ROC curve to analyze the diagnostic values of IL-23R and IL-17 protein levels for UBC

ROC curve was applied to analyze the diagnostic values of IL-23R and IL-17 protein levels for UBC. As shown with ROC curve ([Table III](#tIII-ol-0-0-9145){ref-type="table"}) serum IL-23R and IL-17 protein levels can be used to accurately and effectively diagnose UBC (P\<0.05). Serum IL-23R and IL-17 protein levels can be applied in the clinical stage and the forecast of lymph node metastasis of UBC (P\<0.05), and in the clinical stage, area under ROC curve of serum IL-17 protein level was larger than that of serum IL-23R protein level, so serum IL-17 protein level was more significantly significant in the clinical stage of UBC. However, area under ROC curve of serum IL-23R protein level in the forecast of lymph node metastasis was larger than that of serum IL-17 protein level, so serum IL-23R protein level was more obviously significant in the forecast of lymph node metastasis of UBC.

### Analysis of diagnostic efficiency of IL-23R combined with IL-17 for UBC

The diagnostic sensitivity and specificity of serum IL-23R + IL-17 for UBC patients were significantly higher than those of IL-23R or IL-17 alone ([Table IV](#tIV-ol-0-0-9145){ref-type="table"}).

Discussion
==========

Inflammation is considered to be an important factor in the progression of tumors. Studies have shown that proinflammatory cytokines can promote the proliferation of different tumor cells and tumor-related white blood cells, so as to play an important role in inhibiting tumor regeneration ([@b16-ol-0-0-9145]). But at the same time proinflammatory cytokines have also been proven to contribute to tumor growth and proliferation. For example, IL-1 and IL-6 can induce tumor cell proliferation and prolong tumor cell survival ([@b17-ol-0-0-9145]). IL-17 is mainly produced and secreted by activated CD4 T cells and CD8 T cells. In addition to proinflammatory reactions, IL-17 can also regulate the formation of tight junctions of cells ([@b18-ol-0-0-9145]). IL-17-positive cells have been observed in prostate and hepatocellular carcinoma. IL-17 plays a role in promoting tumor regeneration and increasing the invasive ability of tumors in cervical cancer ([@b19-ol-0-0-9145]). In addition, IL-17 is also highly expressed in ovarian cancer and colorectal cancer to play a role in promoting tumor angiogenesis ([@b20-ol-0-0-9145]). Bagheri *et al* reported that IL-17 had important functions in T cell-mediated angiogenesis ([@b21-ol-0-0-9145]). Infiltration of proinflammatory cytokines is considered to be the growth promoter of UBC. Recently, IL-17 has been shown to increase the production of active metalloproteinase-9, so as to promote angiogenesis and tumor growth ([@b22-ol-0-0-9145]). Therefore, IL-17 may also have important functions in UBC.

IL-23 and IL-23R subunits make up a new complex of IL-12RB1 called IL-23R10. These two cytokines are mainly expressed by activated dendritic cells and phagocytic cells. IL-23R is mainly expressed in T cells, natural killer cells and natural killer T cells ([@b23-ol-0-0-9145]). Recently, expression of IL-23R was detected in macrophages and dendritic cells in human and mouse tumor tissues. Studies also found that IL-23 induced the expression of IL-17 and matrix metalloproteinase, while IL-23R-deficient mice showed reduced tumor growth. In addition, with the progress of tumor, the number of Th17 cells gradually increased, and levels of IL-23R and its complex also gradually increased ([@b24-ol-0-0-9145]).

Chronic inflammation plays pivotal roles in cancer and autoimmune diseases. We hypothesized that IL-17 and IL-23 may also play important roles in UBC. To verify this, RT-PCR and ELISA were used to detect the expression of IL-23R in tumor tissue and serum of patients with UBC. Results showed that levels of IL-23R and IL-17 mRNAs were higher in tumor tissue than in adjacent tissue. In addition, levels of IL-23R and IL-17 in serum of patients with UBC were also higher than those in normal control group. Correlation analysis suggested that IL-23R and IL-17 protein levels were correlated with clinical stage and lymphatic metastasis. Further Cox hazard model analysis showed that IL-23R and IL-17 may be independent factors for UBC. In addition, protein levels of IL-23R and IL-17 in serum of UBC patients can be used to effectively predict clinical stage and lymphatic metastasis of UBC. The sensitivity and specificity of combined diagnosis using both IL-23R and IL-17 were higher than those of diagnosis using IL-23R or IL-17 alone. In conclusion, we found that IL-23R and IL-17 were upregulated in UBC tumor tissue, and the increased expression levels were associated with poor prognosis. IL-23R and IL-17 may serve as potential diagnostic and prognostic indicators for UBC.
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###### 

Relationship between IL-23R and IL-17 expression and clinicopathological features of UBC patients using Chi-square test.

                         IL-23R                IL-17             
  ----------------- ---- -------- ---- ------- ------- ---- ---- -------
  Sex                                                            
    Male            16   5        11   0.073   17      6    11   0.846
    Female          14   6        8            13      4    9    
  Age (years)                                                    
    ≤58             15   7        8    0.242   11      5    6    0.319
    \>58            15   4        11           19      5    14   
  Tumor size (cm)                                                
    ≤3              18   6        12   0.054   16      3    13   0.544
    \>3             12   5        7            14      17   7    
  PG                                                             
    I               5    3        2    0.054   4       1    3    0.075
    II              9    6        3            10      6    4    
    III             16   2        14           16      3    13   
  CS                                                             
    T0-T1           17   9        8    0.034   18      6    12   0.043
    T2-T4           13   2        11           12      4    8    
  LM                                                             
    No              12   6        6    0.035   14      4    10   0.046
    Yes             18   5        13           16      6    10   

IL-23R, interleukin-23 receptor; UBC, urinary bladder carcinoma; PG, pathological grade; CS, clinical stage; LM, lymphatic node metastasis.

###### 

Results of Cox hazard model analysis.

  Items          Regression coefficient (B)   SE      Wald test   Degrees of freedom   P-value   RR      95.0% confidence interval
  -------------- ---------------------------- ------- ----------- -------------------- --------- ------- ---------------------------
  Sex            1.073                        0.263   1.342       1                    0.302     0.872   0.543--1.378
  Age            0.873                        0.211   0.892       1                    0.236     1.237   0.915--1.528
  Tumor size     0.462                        0.376   1.773       1                    0.092     1.152   0.842--1.352
  PG             1.0832                       0.353   2.421       2                    0.517     1.037   0.884--1.379
  CS             0.542                        0.426   8.342       1                    0.044     2.603   1.741--2.905
  LM             0.782                        0.284   10.261      1                    0.009     2.154   2.035--2.553
  IL-23R level   0.882                        0.118   7.231       1                    0.011     3.021   2.648--3.527
  IL-17 level    1.245                        0.205   11.528      1                    0.006     2.604   2.184--3.017

SE, standard error; RR, relative risk; PG, pathological grade; CS, clinical stage; LM, lymphatic metastasis; IL-23R, interleukin-23 receptor.

###### 

Effect of IL-23R and IL-17 protein levels on parameters of clinical staging and lymph node prediction in UBC patients.

  Items   Proteins   Area under ROC curve   Area standard error   P-value   95% confidence interval
  ------- ---------- ---------------------- --------------------- --------- -------------------------
  CS      IL-23R     0.639                  0.055                 0.011     0.009--0.032
          IL-17      0.740                  0.043                 0.008     0.003--0.683
  LM      IL-23R     0.836                  0.084                 0.028     0.016--0.053
          IL-17      0.694                  0.105                 0.013     0.007--0.063

IL-23R, interleukin-23 receptor; UBC, urinary bladder carcinoma; CS, clinical stage; LM, lymphatic node metastasis.

###### 

Diagnostic efficiency of IL-23R combined with IL-17 for UBC.

  Detection index   Specificity (%)                                                                                 Sensitivity (%)                                                                                 Positive predictive value   Negative predictive value
  ----------------- ----------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------- --------------------------- ---------------------------
  IL-23R            75.3                                                                                            38.3                                                                                            75.4                        38.5
  IL-17             83.8                                                                                            53.7                                                                                            80.4                        48.3
  IL-23R + IL-17    89.4^[a](#tfn5-ol-0-0-9145){ref-type="table-fn"},[b](#tfn6-ol-0-0-9145){ref-type="table-fn"}^   62.5^[a](#tfn5-ol-0-0-9145){ref-type="table-fn"},[b](#tfn6-ol-0-0-9145){ref-type="table-fn"}^   87.9                        45.7

IL-23R, interleukin-23 receptor; UBC, urinary bladder carcinoma.

P\<0.05, compared with IL-23R

P\<0.05, compared with IL-17.
